Project description Introduction
BioMart is a free, open-source, federated database system (1-3). It is cross-platform and supports many popular relational database managements systems, including MySQL, Oracle, PostgreSQL, SQL Server and DB2. The software is data-agnostic, and can therefore be easily adapted to existing data sets. It is expandable and customizable through a plug-in system, and is open-source so the community can participate in deeper development. Furthermore, BioMart can seamlessly connect geographically disparate databases, facilitating collaboration between different groups. These features have catalyzed the creation of BioMart Central Portal, a first of its kind community-supported effort to create a single access point integrating many different, independently administered biological databases ( Figure 1 ).
For administrators, participation in Central Portal offers several benefits. Central Portal can provide an instantly available and automatically updated source of annotations for other projects, as is done in the International Cancer Genome Consortium Data Portal (4) . Being part of the community can also expose a database to a wide user base. Furthermore, because the BioMart software allows administrators to easily create their own plug-ins, joining the community allows administrators to take advantage of the tools that others have created, thereby enhancing their own databases. Central Portal passes queries directly to the individual member servers, so administrators retain full control of their databases and their data ( Figure 2 ).
For users, Central Portal offers a central repository for a vast array of biological data. BioMart can interoperate with other web sites, because results can be configured to link to outside resources; examples in Central Portal include KEGG pathway information (5-7) and Pancreatic Expression Database entries (8) . The intuitive interface is consistent across all databases, so users familiar with one source can immediately transfer their skills to another data source. Since Central Portal is constantly updated, users are immediately exposed to new resources as they become available. In addition to the web-based interface, Central Portal also offers a wide variety of other access methods for more advanced querying, including application programming interfaces (APIs) for Java, SPARQL, REST and SOAP.
Moreover, both users and administrators benefit from the value gained by having individual databases connected in a central access point. By allowing data sets to be linked together, resources can be combined in novel ways, potentially revealing unexpected connections or suggesting new avenues of inquiry. The strength of the Central Portal comes from the fact that it is created and supported by a large community, and, as a whole, it is greater than the sum of its parts.
Interface
When viewing the Central Portal home page, users are presented with the main querying section, which is divided into three subsections: Identifier Search, Tools and Database Search (Figure 3) .
The Identifier Search ( Figure 3A ) allows users to input gene identifiers in a number of formats (e.g. Gene name, Ensembl IDs, RefSeq IDs, etc.) and search for it across all of the member databases in the Portal. The result of the search links to a report page for the identifier, which summarizes key information about the search term taken from several sources (Figure 4 ). With this function users can quickly find information about a single identifier, and perhaps even locate resources that they did not realize were applicable to the target of their query.
The Tools section ( Figure 3B ) contains links to various data analysis tools in four categories: Gene retrieval, Variant retrieval, Sequence retrieval and ID Converter. The first two sections allow quick access to some of the largest and most popular databases contained in Central Portal. The third section, Sequence retrieval, allows easy querying of genomic and protein sequences in any of several formats ( Figure 5 ). The fourth section, the ID Converter tool, allows users to enter or upload a list of identifiers in any format supported by a BioMart database, and retrieve the same list converted to any other supported format.
In the Database Search section ( Figure 3C ), users can access the individual member databases for querying through the BioMart interface. To make finding the relevant database easier, users can choose to browse databases by the type of information contained therein (Search by type) or by the organism with which the database is concerned (Search by organism). Browse by type is further subdivided into several categories such as Genome [e.g. Ensembl databases (9) .................................................................................................................................................................................................................. 
Access methods
In addition to the graphical user interfaces, Central Portal also offers programmatic access to allow for automated querying. Several programming interfaces are available: an XML querying method that can be accessed via REST or SOAP requests, a full Java API and RDF querying via SPARQL. The syntax of any of the APIs is easy to use for programmers familiar with the basic BioMart concepts of attributes, filters and data sets. For example, to retrieve a list of filters for a given data set, a client could use the REST API and access the URL /martservice/filters?datasets= datasetname. Alternatively and equivalently, the client could use the Java API using the method getFilters (datasetname) to accomplish the same result. Because, there are a variety of APIs available, developers can choose the access method that makes the most sense for their specific applications and use cases.
To further ease the adoption of the APIs, the equivalent code of any query constructed in the web GUI can be retrieved in any of the API formats by clicking on the appropriate button on the query page; in this way, queries can be saved, modified and easily transferred from one format to another. It also provides a readily available graphical method of constructing complex API calls, which could be of use in certain tools or scripts. 
Data content
Ensembl Bacteria EBI, UK Genome databases for bacteria (9) Ensembl Fungi EBI, UK Genome databases for fungi (9) Ensembl Metazoa EBI, UK Genome databases for metazoa (9) (continued) ..................................................................................................................................................................................................................................................................................... ..... 
Query examples
One of the great strengths of Central Portal is that it allows cross-database searches that any individual resource would not. 
Future directions
BioMart Central Portal is constantly evolving thanks to the efforts of the community that supports it and contributes data. To make joining Central Portal easier, we are creating BioMart Central Registry. With this resource, database administrators will be able to create an account, add their data sources and suggest categorization for them. Once registered, participants will also be able to make changes to their databases and notify Central Portal of updates.
In addition to including new data sets, Central Portal will evolve, as new tools are developed and added. Such tools will perform deeper analysis, such as detecting enrichment of certain properties (e.g. GO terms) within a given set of genes or calculating consequences given a list of SNP terms. BioMart plug-ins developed by other community members may also be incorporated, further strengthening the project as a whole.
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